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SECTION I

INTRODUCTION AND ABSTRACT

A. Introduction

The Exploratory Studies Department of Hughes Research

Laboratories (HRL)  has since 1970 conducted an extensive research

program in scene analysis.  An effor t  to develop a theoretical basis

for scene analysis has been supported by the Air Force Offic e of

Scientific R e se a r c h  (AFOSR) since 1973 . The long_ te rm goal of this

program is to develop technology that can derive useful information

f r o m  complex real-world scenes . The emphasis has been on real-

• world imagery and the development of complete scene -analysis

systems. Past effor ts  have concentrated on artificial or greatly

simplified imagery,  and have usually developed piecemeal algori thms

that do not necessari ly contribute to the solution of real problems.

The HRL program is unique in that it is one of the few attempts

to deal squarel y with the problems of real-scene systems . The

importance and timeliness of the program is underscored by the number

of mil i tary image-processing app lications upon which it can impact.

These include reconnaissance and surveillance tasks (such as target

cueing , t a rge t  screening,  and change detection) and tactical image-

process ing tasks  (such  as missile and RPV target  acquisition , gu idance ,

and terminal homing). Recent results on the pictorial specification of

scene analysis programming can also impact problems in software

production.

B. Resea rch  Abs t ract

The chief result  of the AFOSR program was to implement a

complete system for complex outdoor scene analysis , with the objec-

tive of develop ing an understanding and methodology of control and

communication . The system embraces all levels of image analysis ,

b 7



________  • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

from low-level numeric data to high-level symbolic data. The means

of implementation has been a pattern-directed production system. The

results described in this report include the performance of the present

system, the use of a simplified system to aid the development of a

theoretical approach , and initial results on the development of a sym-

bolic method for programming specification.

I
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SECTION II

SUMMARY OF RESEARCH PROGRESS TO DATE
AND PLANNED RESEARCH

This section will br ief ly review the result s obtained during this

latest contract period.

A. Implementation of Functionally Comp lete System

A prime task defined for  this year was to construct , f rom

anal ysis modules and control  techniques previously developed , a func-
tional scene anal ysis system. One such system has been comp leted:
a model-based system to f ind stru cture in outdoor scenes. It is

described in detail in the paper , “Finding Structure in Outdoor Scenes , ”
referenced  in Section III .

A block diagram of the basic system is shown in Figure 1.
Figure 2 shows a block diagram of the “ edge-ver tex- l ine” process  to
extract fea tures  f rom a real-world scene. The block diagram in

Figure 3 shows the process  for  detecting prominent texture in com-

plex scenes.  Finally, a diagram of the model-matching system is
shown in Figure 4.

ii
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F igu re  1 . Model matching system organiza t ion .
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Figure 3. Texture prominence detection process .
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Figure 4. Noisy minima l spanning tree matching.

Some per formance  results  of the present  system are shown in

F igures  5 throug h 10 . Figure 5 shows the ability of the edge-l ine -ver tex

process  to co r rec t ly  f ind the vertices in a road scene.  Figure 6 shows a

road correctl y extracted from a particularly noisy, cluttered scene.

Figure 7 shows some early results  of vertex f inding  in a comp lex

scene.  The ent i re  system is shown , in Figures  8 and 9, be in g use d to

ma tch two scenes .  One scene is used as a r e f e r ence  model and is

11
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Figure 7. Complex scene vertices.

matched against the sensor scene to derive information on position
• change.  Figure 10 shows an examp le of the rotational invar iance  tne

• process for detecting texture prominence.
Progress on this system has been very rapid, as we have been

able to use several different anal ysis operators our group developed

on a concurrent contract (F30602-?6-C-0074) for Defense Advanced

Research Projects Agency (DARPA). Thi s has saved a great deal of

effort in programming and ch’veloprnent on the feature-extraction pro-

cess at the low level. The AFOSR system uses t~’ese operators to

investigate control policies.

14
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Figure 8. Model matching: Linear t ransfo rmation.

During the 1976 AFOSR program thi s basic system will be

exercised in many ways to investigate fundamental  questions about

production system control for  scene analys is .  This level of sop his-

tication in a production system is uni que in current  scene analysis

research. The current results encourage us to expect that the develop-

ment of the production control f ramework  will have a tremendous

impact on the important  emerging area of outdoor scene analysis.

(See Section IV , Pat tern-Directed Inference  Workshop. )  We expect

that thi s effo rt will result , in addition to the paper mentioned pre-

viously, in a series  of future publications dealing with system organi-

zatj on and the extraction of features in real-world outdoor scenes.

15
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B. Development of the TINY EYE Computer Program

The development of the model-matching system has promoted
• investi gation of basic concepts for  system organizat ion and control ,

and fea ture  extract ion.  We have also gained a better perspect ive
on what is necessa ry  to construct  a functional system that encompasses

• low- level anal ysis and high-level  symbolic computation . Thi s has
aided us in developing an abstract  theoret ica l  basis for  specif ying
scene- analysis programming intent.  In this section a tool that has
been usefu l in develop ing this system will be descr ibed.  Some initial
results are  shown in the next section.

The software program for  the previous system was quite large ,
more than l OOK of P D P - lO  memory.  This complexity was necessary ,
of cou r se , to achieve the genera l i ty  to deal successful ly with real
outdoor scenes. However, the feeling was that the theory  mig ht be
more easily developed by using an “abstract” version of the comp lete

comp lex system.

Thu s , we were motivated to construct a program that has all

the basic components of the previous system, is full y functional on
simp le scenes , but is small and modular enough to allow convenient
experimentat ion.  The resul t ing program is called “ TINY EYE” an d is

p rogrammed in LISP instead of FORTRAN , for  f lexibi l i ty .  It can be
writ ten in ei g ht pages of code , and requires  onl y about 20K of core
above the LISP i n t e r p r e t e r .

The c u r r e n t  system cons is t s  of the following components:

ed ge detec t ion , l ine f i n d i n g  and f i t t i ng ,  and vertex f ind ing .  An

example of a t e r m i n a l  session with this sys t em is shown in Figure 11 ,

r e p r e s e n t i n g  a very  simp le ar t i f ic ia l  image of an L-shaped object .  The
output in the next severa l  l ines shows the detected edge points , the

detected lines in terms of slope and y intercept , and the x and y loca-
tjon of the vertices. The current version of this p rogram is wri t ten in
a s t r i c t l y ve r t i ca l , h ie ra rch ica l  o rgan iza t ion .

j

~i 
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During the 1976 research  effor t , thi s software system will be

used to exp lore methods of control of the basic production system .

This will be easy because the present system has functional modularity.

As the present production system interpreter is also in LISP, no

language_to-language interface will be necessary. The system will

also be app lied in developing a formalism to describe scene analysis

programs.

Initial work on this formal ism is descr ibed next , and it is

hoped that an implementation can be constructed for  it during the 1976

program . This will use a production in terp re te r  for  grap h rules , C

which will be interfaced with the TINY EYE program. Results of

this research should impact not only the development of scene analysis ,

but also has the potential to lead to new and efficient means of pictorial

program specification and debugging that will impact software engineer-

ing and program generation for  any large software system.

C. Computer Program Specification by Pictures

There are two key obstacles to major progress in scene analy-

sis and computer vision . One is the lack of knowledge about the

necessary basic techniques, and the second is the difficulty in imple-

meriting a collection of techniques large c iough to deal with complex

C scene problems . The previous work on this AFOSR program has

made progress towards better understanding of the basic techniques ,

while a portion of the research on production systems has been

directed overcoming difficulties in implementation . These problems

also relate to the more genera l areas of computer science that deal

with software engineering,  program language development, and
automatic pro gramming.  The initial progress  made in this  area pro-

22 

vided the foundation for Tasks 3 and 4 in the follow-on proposal.

I. 

- 
Exper ience  shows that it is diff icult  to imp lement and debug

C 

complex scene-analysis programs. This limits the amount of know-

ledge and progress that can be achieved by one person . The problem

has to do with the difficulty in perceiving the action and difficulty of

20 
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control in most p rograms .  The goal of this programming research

was to find a method of program specification that was transparentl y
obvious and hopefull y f ar be yond previous attempts.

The approach was to use the hig hl y p ictorial  domain of scene

analy sis , and devise programs for simp le tasks .  The f i r s t  task was

that of recognizing a block . As crude as the initial results  are , they

are much easier to understand and are  shorter  than FORTRAN code for

the equivalent task. A continuation of this effor t  should provide some

very interest ing results that can potentially affect software construc-

tion problems beyond scene anal ysis .

• Symbols

Several symbols need to be defined for use in the program.

An image subwindow is represented by a square and

scanning the window is shown by ~~~~~~~~ . A line is shown

schematically in a window
Z 

. A surface intensity assign-

ment is made 
~~~~~~~ 

The intensity onto sides of a line is thus

® /®  ]. An angle assignment is show n~ /ta.~

• Predicates

Simple predicates on the symols can also be specified.

If = © —~~ LIN E

If = —
~~ EDGE <‘<<<

• Program

A simple box program is show n in Figure 12.

A fu r the r  abstraction of this program form is now being

investigated. This uses predicate overlays on a typical member of the

• input scene class to be analyzed and also uses a finit e =state transit ion

diagram to specif y the order in which the analysis should proceed.

£0

21
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BFGIN SEE BOX

IF ~ 
UNTIL { /‘] THEN LET

THEN 0 UNTIL [ ‘\0J THEN LET

I F ® = © AND © = © AND a = b + 900

THEN • UNTIL THEN LET

IF © = ~~~~ AND b=c ’AND a=e ’

THEN • UNTIL THEN LET

IF ~Rj  = ® AND CD = ~J ANDf=cAND q’~e

THEN RETURN . ELSE FAIL;

ELSE IF • UNTIL 
_P0_055•

~.:I THEN

ELSE IF 0 UNTIL 
~ 

] THEN

ELSE FAIL;

END SEE BOX.

Figure 12 . Box program .

22
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SECTION III

PUBLICATIONS , REPORTS AND CONFERENCES

The following publications have been competed during this

reporting period:

1. “Unstructured Control Concepts in Scene Anal ysis ”

2. “Finding Structure in Outdoor Scenes ”

3. “Footprints:  A Representat ion for Rest ructured Motion in

Outdoor Scenes 1’

The abstracts  of these publications appear on the next three

pages , as well as a listing of where they have appeared.

As a result of these publications , AFOSR sponsored research

has appeared at the following conferences:

1. Ei ghth Annual Southeastern Symposium on System Theory.

2. 1976 Joint Workshop on Pattern Recognition and Art i f ic ial

Intelligence.

3. EtA Sixth Annual Symposium on Automatic Imagery

Pattern Recognit ion.

4 . Third International Joint Conference on Pattern Recognit ion

( fu tu re ) .

‘Unstructured Control Concepts in Scene Anal ysis , ” Bruce L. Bullock.

Abstract  Traditional scene analys i s  programs have used

relat ivel y simp le control  and interconnection schemes. As progress

This paper appeared in: ( a )  Proceedings of the 8th Annual Southeastern
• Symposium on System Theory,  Un ive r s i ty  of Tennessee , 1976;

(b )  Hug hes R e s e a r c h  Laboratories Resea rch  Repor t  497 , June 1976
• (d i s t r ibu ted  to AFOS R mailing l ist) .

23
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is made on the analysis of complex outdoor scenes , it is becoming
clear that more sophisticated strategies are required. Thi s report
describes the evaluation of control strateg ies that hav e been utilized
for scene analysis and proposes a generalized control structure ade-
quate for outdoor scene analysis. This general ized structure is based
on a production system framework.  The proposed mechanism allow s

the traditional vert ical  top-down and bottom-up organizations , heter-

archical organization as well as a new horizontal organization which

was introduced to enable collection of multiple interpretations necessary

for outdoor scenes.

“ Finding Structure in Outdoor Scenes , ” Bruc e L. Bullock , et. al.

Abst rac t  Thi s report descr ibes  the current  status of a system

for finding complex s t ructures  in outdoor scenes and determining their

orientation . An extensive desi gn tradeoff is described , as well as

representa t ive  results on road and object scenes. The actual scene

anal ysis uses models of both line and texture features.

“Footprints:  A Representat ion for Restr ic ted Motion in Outdoor
Scenes , ” Bruce L. Bullock and Sahibsingh A. Dudani.

Abs t rac t  This paper introduces some new concep ts for scene

analysis with motion , for example in situations where one obtains

This paper appeared in: (a)  IEEE Proc . of the 1976 Joint Workshop
on Pattern Recognit ion and Art i f ic ia l  Intelligence , Hyannis , Mass.
June , 1976; (b)  Academic Press , book to be pu blished during 1977 of
selected papers f rom above conference; (c)  ETA Sixth Annual
Symposium of Automatic Imagery Pattern Recognition , June, College
Park , Mary land 1976; (d) Hug hes Resea rch  Laboratories , R e s e a r c h
Repor t  498 , July 1976 (distr ibuted to AFOSR mailing l i s t ) .

‘ This paper will appear in: (a )  Proceedings of the Third Internat ional
Joint Conferenc e on Pattern Recognit ion , Coronado , Calif ,
Nov . 8-11 , 1976 ; ( b )  soon to be re leased Hug hes Research  Lahora-
tor ies  R e s e a r c h  Repor t , 1976 , (to be dis t r ibuted to AFOSR mai l ing
l i s t ) ;  ( c )  Rev i sed  version will be submitted to IEEE publication .

24



continuously changing images at different  ranges during a motion. It
is assumed that the allowed motion is restr ic ted to changes in range
only and that the needed analysis is goal directed.  A representat ion,
called a footprint , is used to describe an obj ect of interest  at a given
range. A scene model is then defined as a composition of object foot-
prints present in the scene . An anal ysis s t ra tegy for outdoor scenes
is outlined using the object footprint representation.

‘
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SEC TION IV

SCHEDULED ACTIVITIES

The following activities a re  either scheduled or anticipated.

1. Third International Joint Conference on Pattern Recognition ,

paper will be presented in November  1976.

2 . NSF Vision Workshop ,  29 October 1976. B. Bullock has

been invited to part ici pate in an NSF= sponsored  workshop

on computer vision . This will occur at the Univers i ty  of

Mary land. No written papers will be submitted , only oral

presenta t ions . The presentat ion that has been prepared

will be an overview of vision activi t ies at HR L. A major

portion of this  will cover A FOSR= sponsored r esea rch .

3 . Rand symposium on Pattern Directed Inference (University

of Hawaii , J anua ry  1977).  B. Bullock has been invited to

present a paper at a workshop on pattern directed inference

techniques in ar t i f ic ia l  intel l igence (Al) .  Pat tern directed
infer ence is a s yr lonom in (A l) research for production

systems.

Production systems are current ly an “in vogue” area of

research in Al. The Bullock , AFOSRlosponsored paper ,

tentativel y accepted , will be the only paper related to

scene analysis. It appears as if the HRL program jumped

on the product ion sys tem bandwagon about two years  ahead

of any other vision group.  It will be recalled that the use

of product i on  = sys te rn  control  s t ruc tu res  have been the core

of the l as t  two years  of AFOSR re sea rch . The submi t ted

ab s t r a c t  for  th is  workshop  appears below .
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“Procedure Driven Scene Analysis , ” B. Bullock.

Abstract  This paper describes an investigation to de ter -

mine the utility of the production system framework when

applied to the problem of scene analysis . Central to the

investigation is the implementation of a production-driven

system to locate and descr ibe  simple objects in outdoor

scenes. The performance of the system is illustrated on

C severa l real scenes. The organizat ion and control mech-

anisms ar e also desc r ibed , emphasizing the issues of

two-dimensional  productions and the use of relational

const ra in ts  in rule selection . Examples f rom the imple-

mentation are also used to i l lustrate t radeoffs  between

production and procedur e at several  levels and the use of

productions to interface between the numeric-spatial--

geometric bottlenecks . Finall y, the eff iciency and pro-

gramming ease of the production-driven system are com-

pared to a procedure-based sys tem . The abstracts of this

workshop will appear in the ACM SIGART publication , the

full papers will appear in a published proceedings.

4 . Off ice  of Naval Research-Sponsored Workshop on Computer

Vision

B. Bullock has been invited to participate in a year long

(Delphi-like) study of computer vision. This has been

organized by Prof. Ed Reisman of the University of

Massachuset ts  and includes about 20 researchers  in com-

puter vision. A position paper has been submitted. These

will be reviewed by each participant. The final result  will

be a workshop at which papers  will appear in a pr in ted

p roceedings (possible hardbound book) . A copy of the

submitted workshop position paper appear s in Appendix I.
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5. International Joint Conference on Artificial Intelli gence ,

MIT , August 1977.

It is planned to submit a paper to this confer ence on work

performed on the A FOSR contract .

~
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SECTION V

PREVIOUS PUBLICATIONS

The following is a current list of previous publications from

th~ HRL group .

1. “Complex Information Processing — A Guided Bibliography,

B. Bullock , Hughes Research Laboratory (HRL) Research
Report 444, August 1971.

2. Pattern Recognition Methodology,” B. Bullock , HRL
Research Report 450, D&’ceniher 1971.

3. “The 1-IRL LISP Scene-Anal ysis Language Processor ,”

B. Bullock , HRL Research Report 483, January 1974.

4. “Scene Analysis R’.’search Progress , ” B. Bullock ,

presented at E. I. A . Symposium on Automatic Imagery

Pattern Recognition , January 1974, Washington D. C.

5. “Automatic Recognition of 3-D Objects from TV Images ,”

S. Dudani , 2nd Annual Computer Scienc e Conference ,
February 1974, Detroit , (also HRL R.’search Report 491).

6. “Distance Weighted K-Nearest Neighbor Decision Rule ,

S. Dudani , 2nd International Joint Conferenc e on Pattern

Recognition , D’.’nmark , August 1974.

7. ‘An Interest Operator For Automatic Target Selection ,”

Research Report 488, B. Bullock , August 1974 .

8. “The Performanc e of Edge Operators on Images with

Texture ,” B. Bullock , Research Report 489,

September 1974, (submitted to Computer Graphics and

Image Processingi.

C Publications resulting from AFOSR sponsored research.
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9. “Real World Scene Analysis in Perspective ,” presented

at National Convention of the Associat ion for Computing
Machinery ,  October 1975 , Minneapolis .

Publications resulting from AFOSR sponsored research ,
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SEC TION VI

TECHN OLOGY TRANSFER

1-fR L is in an excellent position to promote rapid t r ans fe r  of

technology to impor tant  applica tion areas.  The role of HRL is to per-

form basic and app lied research in many technologies.  Close ties

between HRL and the many operating divisions of the Hughes A i r c r a f t

Company encourage the distribution and application of the HRL work.

This type of immediate app lication of r e sea rch  often requi res  a period

of years  when the research and app lication groups are not parts  of a

common , closely tied organization .

During the period of this contract , the following technology

t rans fe r s  have been accomplished:

1. The Hug hes Missile Systems Group has been using the HRL

scene analysis software system for the development of

improved correlation guidance techniques for the Hughes

Maverick Missile .

2. An unsolicited proposal was accepted by the Naval Surface

Weapons Center (NSWC).  This proposal incorporated the

results on ed ge detection and the simplified edge-

directionality operator developed on the 1974 AFOSR con-

tract  for  ta rget  classifi c ation and aimpoint selection

relevant to a hi gh-energy  laser program. This program

was in cooperation with the Hughes Electro-Optical

Systems Division . Also important in this proposal was the

use of moment methods for shape analysis developed by

S. Dudani (now at HRL) in his thesis on the Ohio State

AFOSR Grant,  Work on this contract has been success-

full y comp leted . A proposal  for a brass-board  system

is now pending .

a,
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4. An unsolicited proposal to DARPA/STO has been funded to

look at terminal homing systems using alternative non-

correlation techniques developed on this program. The
first year of this program has been successfully completed.
A follow-on contract is now pending .



APPENDIX

WORKSHOP POSITION PAPER

- 
(See Section IV .)
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POSITION PAPER

PERSPECTIV E TOWARDS OUTDOOR SCENES
Bruce L. Bullock

Hughes Research  Laboratories ,
Malibu , Cal.

I. IN TRODUCTION

The view expressed in this  paper is based primarily on recent

experience on two projects , the f i r s t  concerned with the development

of general scene analysis techniques , concentrat ing on issues of sys-

tem organization , control , and user interact ion. The second project

is really a collection of investigations to develop very goal-directed

systems for  a rang e of military applications . In spite of the apparent

d i f fe rences  between these two projects , they both shar e a common

interes t  in the ability to analyze  complex objects in outdoor scenes ,

i r respect ive of environmental context and goal dynamics . The posi-

tion descr ibed below will ref lect  this in teres t  while loosely adhering

to the top ics and order  of the suggested position questions.

II. SEGMENTA TION

There are at least seven fundamental  methodological “tools ”

associated with segmentation: 1. ed ge detection by template differen-

c ing , 2 . edge detection by functional approximation , 3. reg ion growing,

4 . detection of macro  and mic ros t ruc tu re  using clustered fea tures ,

5. guidance f rom defocused images , 6. guidance from glancing,

7. ut i l izat ion of mult isensor  data. Each of these has independently

grow n quite sop hist icated for  dealing with d i f fe ren t  subproblems of

segmentation , yet segmenta t ion capability as a whole remains in

trouble  in complex outdoor scenes . A s ignif icant  contribution to

progress  in low-level vision can be made at this point , not by trading

off one technique  against  the other , but by carefully examining how

th c best independent  e lements  of each can be integrated into a sing le

~4i~ 37 

:..o ~~~~~~~~~~ - - - .. -



segmentation process that is better than anything currently available.
This has not been achieved in any system , including the existing cluster-
based systems , to an~ degree of general i ty.  Althoug h not an easy
problem, it is certainly within the reach of any group willing to care-
fully imp lement a system of greater  comp lexit y than any previous
segmentation process .

Among the tools listed above , g lancing and mult isensory data
are probabl y the least understood. The idea of “g lancing ” at a scene
to find interest ing areas certainly has merit in outdoor app lications.
This technique is used by several  groups , including ours , to find
possible areas of man-made s t ruc ture , based on texture.  Onc e such
an area is found , it is concentr at ed on by a s t ructure  analysis process.
A variety of such operators , optimized to cue on d i f fe ren t  aspects ,
could be used to make a preliminary pass at the scene to de termin e ,
as the next step,  what analysis operators should be applied and how
and where.

It is advantageous for  the scene analysis community to cont inue
generalizing its view of segmentation, apply ing it to mult isensory data.

This is especially t rue for the development of systems relevant  to
military applications. An important factor in military sensor systems

is all-weather capability. Because of this , very few sensors  provide

white light intensity data , and even fewer provide red-blue-green
color. On the other hand , range is frequently available, and many new

systems will be multisensory.  It has been argued that work on r -b - g

color is relevant to multisensor processing. Unfortunately, the sensor

wavelengths are often far apart , presenting new difficulties because of

different  resolutions and reflectance peculiarities. Realistically,
reflectance data from nonwhite light sensors is just as messy as for

white  light , and usually has less resolution . Thus , r ange stands out

a’
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as one of the most useful sources of information because of its

invaziance to these problems. Little is know n about the availability of

texture in rang e data , but it may also be a good source of information

as better analysis techniques become available.

Connected-object segmentation is the most frequently used

approach for  organizing scene analysis systems. There is growing

evidence that additional approaches are necessary ,  part icular ly in the

outdoor scene environment . From an intui t ive view , it s eems doubtful

if the demand for  connectedness associated with segmentation is realis-

tic in most outdoor scenes.  Fur ther , it seems doubtful that a complete

segmentation , or even every ed ge or region , is necessary  for  the

understanding of outdoor scenes. The idea of using “distinguished”

features , from multiple sensors if possible , has been an initial step

towards new approaches. Our group is currently investigating exten-

sions using collections of isolated features  from multiple sensors , fea-

ture locations from glancing “in te res t”  operators , and available

“obvious ” reg ion and l ine- in te rsec t ion  data togethe r in one

repres entation ,

III. REPRESENTATIONS

Beyond the problem of low -leve l analys is , the real barr ier  to

progress in scene analysis is not control or system organizat ion , but

the lack of adequat e scene representa t ions .  The question is not just

how a reg ion or line should be character ized , but whether the current l y

available tools are even adequat e for natural  objects. Several general-

izations of existing represen ta t iona l  techniques have been suggested in

the l i t e ra ture , but have not been experimentall y evaluated. One sug-

gestion is the use of multiple representa t ions  in terms of a l t e r n a t i v e

sensors , operato r s , contexts , and resolutions.  A second sugges t ion

is the extension of mathematical approximations (a  la splines , e t c . ~~.

A th i rd  is to abandon tradit ional  segmenta t ion , as ment ioned above ,

and base moder s on nonhomogeneous collections of mu 1tifeatur ~.
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predicates , positioned in a controlled , nonhomogeneous manner. A

fourth possibility is the use of iconic models and verification vision.

In reality, it is not clear that these will be enou gh . For example , an

adequate model for a complex natural  object has never been constructed ,

even at the conceptual level , using any of these ideas. Unlike segmen-

tation, real progress  in this area is thus hampered by the lack of pure

invention .

Another important problem associated with representat ions is

their  in ter face  to the r e s t  of the system . In many areas of AL there  is

an in t er face  problem at the numeric/symbolic  level. in scene analysis

the re  is the additional barr ier  at the geometr ic  (spat ia l) fsymbolic

level . One inter face  mechanism that can be used , at least at the

geometr ic -symbol ic  level , is the use of grap h rewrit ing rules operat-

ing in a product ion  sys tem framework.  Such rules can specif y the

spat ia l  re la t ions  of numer ic  operators , can be operated on themselves

as symbolic  en t i t i e s , and can specif y what numerical or symbolic form

is to r e s u lt.

IV . .~YSTL ’~M S

It is ‘ lear that paral lel ism will become an integral  part  of

scene anal ysis systems , if onl y to achieve hi gh throug hput for  the com-

p lex processes  now evolving. Becau se of t h e c rude s tat e of cu r re nt

attempts it is less clear whether or not paral lel ism will affect  the

methodology itself. The “ parallel” al gor i thms  that f requent l y find

their way into publ ica t ion show amazingly l i t t le  creat ive  e f f o r t  to r i se

above the “micro ” level of the problem . The few fac i l i t ies  that  have

even crude parallel p rocessors  ( e . g . ,  C. mmp) , have unde r s t andab l y,

and unfortunately, been hogged down in upg rad ing  the s ta te  of the ~rt

in operating systems and control . There fo re , a ser i ous a t tempt  f rom

within the vision community , with the r i ght pe r spec t i ve , could have

a dramatic impact on the whole issue of para l le l i sm . The approach

t
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should be towards the entire system, at all levels of knowled ge , rather
than , as in the past , attempts at construct ing onl y piecemeal al gorithms .
The emphasis  should not be on ha rdware , for the hardware problems
can all be solved to some level of sa t i s fac t ion . The real effort  should
be concerned with programming languages for eff ic ient l y and effectivel y
specif ying represen ta t ions , processes , and control.  There are cer-
tainly many seeds in cu r r en t  multipr ocess , Al-language , relaxation-
process , production= sys tem , and ne two r k r esearch , But these are all
onl y crude s ta r t s .

Based on the a l te rna t ive  segmentat ion ideas discussed above , it
is eas y to propose  syst ems th at make good us e of seman tic kn owledge
and rnult isensor concepts.  The p r i m a r y  low -level components can be
v ie wed 2S g lancing opera tors  and anal ysis (segmentation) operators .
The glancing ope ra to r s  are  comp letel y knowledge-independent .  The
system is init ialized by selecting glancing operators and sensor modal-
i t ies based on the user ’ s goal and the available semantic knowled ge .
The g lancing opera tors  provide multip le view s of the scene that can be

interpreted using semantic knowledge to specif y where  and which anal y-
sis operators  are to be employed , and how their parameters (knowled ge-

de pendent ) a re  to be set . Such a scheme could easily incorporate the

use of re laxat ion  methods to drive the process  to equilibrium.

An in teres t ing  system organizat ion , hinted at earlier , that can
be used to construct  such a system is a var ia t ion on a production sys-
tem f ramework . There has been a fad assoc iated with the use  of pro-
duct ion sys tems in other areas of Al , exclusive of vision . Productions
ca n be used in scene analysis to provide a powerfu l symbolic program-
mable control f ramework for vision modules and semantic knowled ge.
They are attractive because they can be used to easily embed domain-
dep endent  se mant ic k now led ge (allowing application of one system to
severa l  domains)  as well as geometr ic / spa t ia l  knowled ge , as descri bed

pr ev ious l y. 
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V. RESEARCH DIRECTIONS

The principle limiting factor  in outdoor scene analysis is the
sad state of cur ren t  representa t ional  capabi l i t ie s .  A good represent a-
tion should be able to model natu r al shapes , t ex tu re , and three-
dimensional informat ion . If s~~ff i c i ent l y r ich representa t ions  for nat-
ural scenes w e r e  devised , then , r a ther  than the present shotgun

approach , t he re  would be some direct ion to research  in analysis tech-
niques to collect the fundamenta l  uni ts .

Another  important  problem , at a more basic leve l , is the lack
of a good implementation language for  scene anal ysis . There is no
existing language with these des i rab le  fea tures :  eff ic ient  numeric
computation , symbolic computation , c lean syntax , bas ic scene analysis
primitives , good debu ggi ng and edit ing facili ties , reasonabl e portabil-
ity, and good documentation . The development of such a language
would dramatically af fec t  the rat e of p ro g re ss , standa r dization of
working~ t modules , and exchange of capabil i t ies  between groups .

Our own group has found that it is vital to have a mixture  of

both applied and genera l  research .  No group,  part icular ly receiv ing
funding f rom the military community, should be allowed to work

exclusively in eith er domain .

VI. EVALUATION

The problem of evaluating system per formance  has two levels ,

formal and informal . Most would pr obably agree that scene anal y sis

is still in its earl y stages of research.  During the earl y stage the best

form of evaluation is “ informal , “ since the f i r s t  problem is to get any-

thing to work at all . Rather  than divert  preciou s research dol lars  to

evaluate per formanc e , a better s t ra tegy  would simply be to promote

standard image formats  so groups could at least  exchange raw data.
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Complex issues , such as the comparative performance of basic
operators , can then be avoided by comparing them in the context of an
ent ire  system. The formal level is best ignored unti l it cannot be
avoided . The evaluation of sensor systems at the formal level involves ,
moreover , the extensive collection of extremely large application-
dependent  data bases. These , in turn , must  be processed to get sta-
tistically meaning ful results.  Both these steps are costly and nonpro-
duct ive of research goals.

When good v is ion-sys tem components are available , their app li-
cation will probably be limited more by the speed with which adequate
data bases can be acquired for models , ra ther  than by component per-
formance or system reconfigurability.

R e s t r i c t e d  domain systems , capable of understanding man-made
st ructures  in outdoor scenes , will be operational in small boxes within
five years .
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